Essential oils of marjoram (Origanum majorana), rosemary (Rosmarinus officinalis), sage (Salvia officinalis) and thyme (Thymus vulgaris), were tested for their antimicrobial activity against four Gram-negative bacteria, four Grampositive bacteria, four filamentous fungi and two yeast species which possess an importance as food spoilers or pathogenic microorganisms. The antimicrobial activity of tested essential oils at different concentrations (1,2,3,5 and 10 mg/ml) was determined by the well agar diffusion method. Sage and thyme essential oils showed the highest inhibitory effect against tested microorganisms, followed by rosemary and marjoram essential oils. The microbial spectra were decreased with increasing the concentrations of essential oils.
Introduction
Extracts and essential oils (Eos) of medicinal plants are increasingly becoming an area of interest as novel drugs of antimicrobial and antiviral agents (Schnitzler et al., 2008) . Several recent studies described in detail the antimicrobial properties of EOs against a number of relevant foodborne microorganisms. These EOs are suggested as possible natural alternatives to chemical-based antibacterial agents for food safety and preservation (Djenane et al., 2011) .
Currently, there is a strong debate about the safety aspects of chemical preservatives since they are considered responsible for many carcinogenic and teratogenic attributes as well as residual toxicity. For these reasons, consumers tend to be suspicious of chemical additives (Skandamis et al., 2001) .
The exploration of naturally occurring antimicrobials for food preservation receives increasing attention due to consumer awareness of natural food products and a growing concern of microbial resistance towards conventional preservatives (Schuenzel and Harrison, 2002) .
Antimicrobials are used in food for two main reasons: (1) to control natural spoilage processes (food preservation), and (2) to prevent/control growth of micro-organisms, including pathogenic micro-organisms (food safety) (Burt, 2004) .
Rosemary (Rosmarinus officinalis) essential oil from natural populations showed high variations in their antimicrobial and antioxidant activity (Moreno et al., 2006) . Salvia species are used traditionally to treat microbial infection; they have been demonstrated to exhibit antimicrobial, antioxidant and antiinflammatory activities (Kamatou et al., 2008) .
Marjoram (Origanum majorana) and thyme (Thymus vulgaris) display a good antimicrobial activity against Gram-positive and Gram-negative bacteria (Busatta et al., 2008) .
This investigation was aimed to evaluate the antimicrobial activity of marjoram, rosemary, Sage and thyme essential oils against some microorganisms which possess importance as food spoiler or pathogenic agents.
Materials and Methods

Essential oils
The plant essential oils samples namely marjoram (Origanum majorana), rosemary (Rosmarinus officinalis), sage (Salvia officinalis) and thyme (Thymus vulgaris) were obtained from the essential oils laboratory at the National Research Centre, Giza, Egypt.
Media used
Nutrient agar medium was used for bacterial growth and determination of the antibacterial activity of the studied essential oils. Potato dextrose agar (PDA) medium was used for cultivation of fungi as well as for determination of the essential oils activity against fungi and yeasts. Nutrient broth medium was used for the preparation of bacterial inoculum, while potato dextrose broth was used for preparation of yeasts inoculum suspension.
Tested microorganisms
The tested microorganisms were collected from different sources as shown in Table ( 
Yeasts
13
Candida albicans Botany Dept., Fac. of Sci., Al-Azhar Univ. 14 Saccharomyces cerevisiae Genetic Dept., Fac. of Agric. Assiut Univ.
Determination of antibacterial activity
Antibacterial activity of essential oils was determined by the well agar diffusion method according to the NCCLS (1993). Petri plates containing 20 ml of nutrient agar medium were inoculated with a 24 h culture of the bacterial strains. Wells (6 mm diameter) were cut into the agar ISSN: 1110-0486 Website: http://www.aun.edu.eg/faculty_agriculture/arabic E-mail: ajas@aun.edu.eg and the essential oils were carefully added into the wells. Serial concentrations (1, 2, 3, 5 and 10 mg/ml) of all tested essential oils were prepared in dimethylsulfoxide (DMSO) and 100 µl of each concentration was filled into the holes. DMSO without the essential oil was used as a control. Each plate was inoculated with 0.2 ml of bacterial broth medium containing 10 8 -10 9 CFU/ml. Incubation was performed at 35ºC for 24 h. The assessment of antibacterial activity was based on measurement of the diameter of inhibition zone formed around the well. All experiments were performed in triplicates.
Antifungal and anti-yeasts activity
The inhibitory effect of the studied essential oils against filamentous fungi and yeasts was determined according to the method described by Ellof (1998). Yeasts were cultivated in potato dextrose broth and filamentous fungi were grown on PDA medium for preparation of the inoculum suspension. Conidial spores were harvested from fungi cultures in sterile distilled water and adjusted to contain 10 5 -10 6 CFU/ml. Petri plates containing 20 ml of potato dextrose agar (PDA) medium were inoculated with 0.2 ml spores or cells suspension. Wells were cut into the agar and the same over mentioned concentrations of essential oils were used .The plates were kept between 3 and 5 days at 25-28 ºC and the zones diameters were recorded.
Results and Discussion 1. Antimicrobial activity of marjoram essential oil
The antimicrobial activity of marjoram essential oil at different concentrations was determined by the well agar diffusion method against four Gram-negative bacteria, four Gram-positive bacteria, four fungi and two yeast species. The diameters of inhibition zones were measured and taken as an indicator of the antimicrobial effect (inhibitory activity). Results in Table ( 2) showed that no inhibition zone was observed at all concentrations of marjoram essential oil against Escherichia coli O157:H7, Proteus vulgaris, Aspergillus niger and Aspergillus ochraceus. On the other hand, marjoram essential oil inhibited Gram-negative bacteria in higher degree more than Grampositive bacteria at concentrations of 5-10 mg/ml. Results also showed that, Staphylococcus aureus, Fusarium moliniformae and Candida albicans were more resistant for marjoram essential oil at the lowest concentration (1mg/ml), but moderately inhibited at the higher concentrations (2-10 mg/ml).
These results are in the line with those obtained by Fridman et al. (2002) and Pasqe et al. (2005) , they showed that the concentrations of marjoram essential oil for Gramnegative bacteria was lower than that for Gram-positive bacteria. The Gram-negative bacteria Klebsiella pneumoniae and Serratia marcescens in addition to all the studied Grampositive bacteria proved to be highly sensitive to marjoram essential oil at all the added concentrations.
Concerning, inhibitory effect on tested fungi and yeasts, results showed that no inhibition zone was observed at all concentrations of marjoram essential oil against Aspergillus niger and Aspergillus ochraceus.
Meanwhile, Fusarium oxysporum and
Saccharomyces cerevisiae proved to be sensitive for all concentrations. Also Candida albicans was sensitive to only the higher concentrations of marjoram essential oil (Table 2) . The antimicrobial activity of marjoram essential oil is assigned to presence of a number of terpenoids (α-Terpinene, γ-Terpinene and Terpinolene) which also in pure from have been shown to exhibit antibacterial or antifungal activities (Richter and Schellenberg, 2007) .
Antimicrobial activity of rosemary essential oil
Data presented in Table ( 3) shows the antimicrobial effect of rosemary essential oil at variable concentrations against different tested microorganisms expressed as the diameters of inhibition zones (mm).
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Saccharomyces cerevisiae
It could be observed that addition of rosemary essential oil at concentration ranged from 1 mg/ml to 10 mg/ml did not affect growth of Proteus vulgaris, Aspergillus niger, Aspergillus ochraceus, Fusarium moliniformae. On the other hand, Escherichia coli O157 :H7, Klebsiella pneumoniae, Serratia marcescens, Micrococcus luteus, Micrococcus roseus, Staphylococcus aureus, Candida albicans and Saccharomyces cerevisiae were sensitive to all concentrations of rosemary essential oil. In addition, essential oil of rosemary at the lowest concentration (1 mg/ml) had not inhibitory effect against Bacillus cereus and Fusarium oxysporum. It could be noticed that the microbial spectra were decreased with increasing the concentrations of rosemary essential oil.
Abd El-Qader (2003) found similar results and demonstrated that the inhibitory effect of rosemary essential oil might be attributed to its chemical composition which contained γ-Terpinene, Limonene,Camphor, α -pinene, β-pinene and Camphene.
Antimicrobial activity of sage essential oil
Data presented in Table ( 
Antimicrobial activity of thyme essential oil
The antimicrobial activity of thyme essential oil at different concentrations (1 -10 mg/ml) are shown in Table (5) . Like sage essential oil, all the added concentration of thyme essential oil were completely inhibited growth of Serratia marcescens, but not affect growth of Proteus vulgaris and Aspergillus niger. Data in table (5) also showed similar inhibitory effect against growth of Escherichia coli O157:H7 and all the tested Gram-positive bacteria in addition to yeasts and molds except Aspergillus niger .In all cases, the antimicrobial effect increased gradually with increasing the essential oil concentration. These results are in agreement with those obtained by Hudaib and Aburjai (2007) , they found that the essential oils of Thymus species are ranked among the most potent antimicrobial plant agents because of their strong activity, especially against antibiotic resistant pathogenic microorganisms. 
